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AUTOPILOT CONTROL SYSTEM REQUIREMENTS

CAPTIVE FIRDNG
Sl _(SVCAMORE STTE)

1.0 INTROCUCTTON
1.1 GENERAL
The Autopilot Control System comprises the GROUND EQUIFIMENT to pez
form FUNCTI(ONAL TESTS and CONTROL OPERATIONS on the Missiletorne
Atuopilot during countdown, stati: firings, and simidated launchings,
Major components of the system are:
(1) Autopilot Control Console
(2) Autopilot Test Programmer Console
{3) Autopilot Transducer Excitation Unit
{4) Autopilot Monitor ané Control. Unit
1.1.2 EURROSE
The Autopilot'ffontrol System was designed %o pernit operation and
test of the Missileborne Agutopilot from the blockhouse. The Auto-
pilot Lontrol System for the @APTIVE FIRIKG test program at S-1 |
{Syfamere), differs from the AFMIC system ac the NGTOPILOY FEST PRO=:
‘GRAMHER and TEST MONITORING UNIT are added to the blockhouse contrcl
equipment, (Also, there are minor differences in the standard block-
house control equipment,) It~is the purpose of thiZf report to describe
¢ the Autopilot Control System as used et the-S=I {Sycamore) Stand) .’
L - s < e = * - * R A" * ke Ll R N
1.2  AUTOPTLOT GONTROL CONSOLE — S-1 (Sycamore) - (7-68602) e
1.1.2,1  DESCRIPTION :

The Autopilot Control Consnle contains the following unitss
(1) Autopilet Auxtlfary Control Copsole

(2) Decade Eveny Timer Panel

(3) Autopilot Control Console Panel

Figure 1 iz a dreving of the Autopilot Comtrol Cousole as used
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ENGINE POSITION INDICATOR FAN-L (AUTOPTLOT 8UXIITARY CMTROL

CONSOLE)

As may be seen in Figure 1, the-Engine Position Indicator Panel
is meunted on the Autopilot Control Console, directly above the
Decade Event Timer. The Engine Position Indicator Panel contains
the following component parts:

(m

(3)

(4)

Englps Position Zero Indjcator

This is a GREEN Press-to-Test light and an (N-.OFF toggle
switch which are located in the UPPER LEFT corner of the
panel, When the switch is closed the light may come "ON",
indicating when ull the thrust chambers are ALIGNED, The
svitch i2 connected to a GREEN Press-~to-TEST light on the
Function Safe Panel in the Test Conductors Consols, so the
operator in that areas will know when the thrust chambers are
aligned, It is also connected to a GREEN Press—to~Test light
in the LOWER RIGHT of the Autopilot Control Console Panel
marked “ERGINE ZERO", The reliability of the thrust chamber
alignment indication depends on the accuracy of calibration
obtained for the Engine Position Indicator meters and ase
sociated circuitry, The oalibration procedure for these

“meters 1s described in the maintenance section of this report,

(Figure 3 is a simplified schematic of the calibration cir-
cuit as applies to the Booster Engine Position Indieators,)

Goarse and Fipe Scals Indicators

The Coarse and Fine Scale Indicators are AMBER Press-to«Test
lights looated below and above a toggle switt! which selects
the desired scale to be read on the Fngine Position Iadicator
Meters, These are contained in the UPPER RIGHT panel,

e Posit ndicator Met

There are fivs (5) sross pointer meters which indicate ENGINE-
POSITION or THRUST CHAMBER A IGNMENT, Their position in the
CRNTER of the Bngine Position Indicator Panel is arrarged in
the same order as the five (5) Missile engines they reprasent.
(i.e., wers the operator viewing the missile from the rear,)

8 ' epents and egept

The Engine Position Indicator meter scale for the Booster Ene
gine Position ie shown in rigure 2, The value of the acale incre-
ment changss ascording lo the pos1t10n of the COARSE-FINE toggle
switch, This switch controls a relay in the calibration eircuit

LCONHDENIAL
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(Continued)

which selects a leszer' resistance when the switch is on
the FINE position and a graatérresistance when on the
COARSE position., Using ghe Pooster Engine Position Mster
as an example; sach ecale increment equals 0,5 degrees when.
on "FINE" and 1,0 degree: when on "COARSE", There nre ten
increments each for pitch and yaw, These are arrznged
VERTICALLY and HORIZONTALLY:; five (5) increments on either
side of a GREEN DOT which has a diaweter of 1,0 scale divi-
sion, The marking is black on a white background with the
oross pointers superimposdd,

(5) Pitch apd Yaw Galibration Potentiometer (Figure 2)

() The pitch calibration potentiometers are located in
the LOWER LEFT corner of the Engire Position Indicator
Panel, These are eight {8) LOCEING potentiometers, four
for "COARSE® calibration and four (4) for "FINE" calib- R
ration. Only the "COARSE" calibration potentiometers are
accessible from the FRONT of the panel, The "FRE" calid-
ration potentiemeters are acecessible from the REAR of the
panel and ars located directly behind the "COARSE":poten~
tiometers, Both "COARSE"™ and *FINE" potentiometers are
arranged to correspond with the Zngine Position Mster
they represeant,

{b) The yaw potentiometers are identical to those for pitch
and are located in the lower right corner of the panel.

1.1.2.3  DSGADE EVENT TIMER UNIT

The uecado Bvent Timer Unit is located at tbe top of the Autopilot
Control Console Panel, The unit provides a means of timing the Air-
borne Autopilot Programmer from BOOSTER START te BOOSTER CDTOFF and
the Integrating Accelerometer:* from INTEGRATOR NULL to the BOOSTER
CUTCFF, Nunmerical indications of elapsed time appear on six {6)
circular counter tubes arranged in a single row, The tubes are the
glov-transfer type and the top of sach protrudes through the panel
whick 1a radially numbered O through 9, (Figure 3 is a block diagram
of the unit and Figure 4 is a simplified schematic of the Descade Timer
Selsctor Circuit.)

(1) Ziming Range
The six counter tubes, in combination, provide a timing range »f

001 to 999.999 aeconds with an acouracy of 4.002% between start
and stop impulses, : )

CONFIENFAL
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1.1.2,3 (Continued)

(2) Timer QH-CF¥ Switch

The Timer ON~OFF switch is iocated on the LEFT SIDE of the
pansl, When closed, power is supplied to the Timer Unit,

; (3) Reset Suitch

104

the

T

Ny A

The Resat switéh 1z located on the RIGHT SIDE of the panel and
is a pushbutton type, This switch is pressed after the afore-
i xentionsd tests to return the counter tubes to the zero position,

‘ © (4) Counter Tubes

The six (6) counter tubes are Sylvania mumber 6802 type, or ‘
: equivalent, and as shown in Figure 5, are arranged to count
: : 100,000's, 10,000's, 1000's, 100's, 10%s and UNITS, (reading
: from loft to right on the panel),

———p e

{5) Starting Imulees |
The Starting Impulse for both the FLIGHT PROGRAMMER and the
INTEGRATING ACCELEROMETER is applied via switches on the Auto-

nilot Control Console and are described in paragraph (1) of '
Section 1,1.2.4. .

10,24 ATQPILOT CONTRGL CONSOLE PANEY :

.+ This psnel is located directly below the Decade Event Timer Panel,
e " Pigure 5 shows the Autopilot Control Console Panel which consists of |
' the following component parts:

(1) Decade Timer Sejector Switch .

The Decads Timer Selactor is located in the UPPER LEFT CORNER
of the panel. It is an (N-CFF-ON toggle switch which selects
either the INTEGRATING ACCELEROMETER oxi'the FLIGHT PROGRAMMER
PROGRAM for the Deoads Event Timer, (as noted in paragraph (5)
of Section 1.3102.’)0

Cew w e e

(2) % x )

The Programmer Zero Indicator is a GREEN Press-to-Test light,
located above the Dacade Timer Selector Switch, This light ine
dicates that the Flight Programmer is on "ZERO", The light will
go "(FF" during the FLIGRT PROGRAMMER TEST CYCLE.

COUNHIENTLAL
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1.1,2,4 (Continued)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

oster GQutoff Indicator

4
The Booster Cutoff Indicator 48 an AVBER Press-to-~Test light,
loosted to the right of the Programmer Zero Indicator, This
light comes ¥(N¥ st the durir;‘ the FLIGHT PROGRAMMER TEST
CYngf Ard INTEGRATING 3 ACCRLERDMETER TEST; indicating Pooster
cutoff,

Program Start Switch
The Program Start switch is a NORMALLY CLOSED pusbbutton switeh,

located directly bslow the Decade Timer Selector switch, Press-
ing the Program Start Switch starts the Flight Programuer,

Asceleropeter ulling Switch

The Accelerometer Nulling Switch 48 a two-position toggle switch,
located directly below tbe Accelerometsr Null Voltmeter, This
switch APPLIES or RELEASES the Acceleromster Null for TEST PUR-
POSES, (See Figure 6.)

This meter is used in conjunction with the Accelercmeter Nulling
Switeh, It has a full scale range of 0 ty 30 volts DC, When
the Accelecrometer Nulling Switeh is on "NULL", the moter should
indicate fourteen (14) volts, or MIDSCALL.

Roll Program Readoyl

The Roll Progran Readout consists of a digital type meter whish
s#tapliys. theraprropidate snimetal s and wynbale, <" "n A0 te P

. dﬁ;’-}.@‘;‘ ﬁdo.

s t witch

. The Read-8tandby Switch places the Roll Frogram Readout Meter in

the "OPERATE® (READ) or “STANDBY" condition,
@ iteh

Figurs 7 is e simplified schematic of the Roll Program Set-Switch
and assooisted circuitry, The Roll Program Set.Switch is located
directly below the Roll Program Readout Meter, It is a two.
position toggle switch which enables the operator to pre-sst the
AMOUNT and DIRECTI of miseile roll, The "L" indicates a PLUS (4)
or clockwise rell when looking forward towards the nnse of, the
nissile, and the "R" is a MINUS (~) or counter-clockwise roll, This
is related to a LEFT or RIGHT heading after the missile leaves

A UNFROENTIAL




B i T S

Q"9id

A .
; L1710 TN ¥3L3W0Y3130IVY -
W. . .
M. > g+ = —
| |
<< %
.W Aﬁnﬂ:c SNITINN
! - I5v3y W
M JnN 233 —®
W ﬁ‘g ....-.»4 HILINOHBITIIIY
| - L \P\II uw..

N5 B A LG AN R EVE - S ERER R e

.u
« - = . — —o
| ISNOMI0 13 e ERSSIR | |
IVLLNIAIENGD -

%.\/ . J.I‘U” . - - (,Aﬁ—.vf._\.‘lll.w”.. T IR v - .
; o N - N VAN ST




T T RN

o

5 ®

{ 914

b g IIRTEWY SIS 901 CUATNUS U™

! HILIMS @3iyHado ~ ~| =~ \

; ~HIWNYHIO0 Hd LHOTIA lﬁ .

W .

A R 3 .

’ ~00+‘ACH 3

FJOLLNT LO - "
ara o | Niidd wolou | E
] ° . ! ~OOoFASH

_ ! UNITOIY WSS O30

[

M “ SN ~00+ FTSSUL WYL
i ~ )

| INSSIW

5 . ‘

M N Vg

M. n _

| > TS IOV KT

A .
i Z HILIWQIVE IV

S 3 /V
VITOR WY 90%8d 110N
' . m@wwmw ~09 'Asi
A — - -
! RILTMS 135 Wvdoodd Y108
! » . ' .
w. [
L 4

TYILNIAIENOD - .

=

1

<L PIBIR FS TN




ERern QL T SOLUREET e oK IS R T MR ke o, e

|
i

!

1

*

A T iy A OGP s e " s D A RIS M LM DI S b e SN T | ibactor i g et

DITE; "%m%ﬁ%
DATE:

1.1.2.4 (Centinued)

(10)

(11)

(13)

(14)

w

the launcher,
toh, Yaw d Indicators

The Pitch, Yaw, and Roll Indicatorc are three (3) AMBER Presse
to«Test lights located at the TOP RIGHT of the Panel., These
lights indicate which channel is being exercised, either MAN-
UALLY or AUTOMATICALLY. The Channel Selection is made by the
Channel Selector Switch which is described in paragraph (16)
eof this ssotion,

Integrator Mulling Switch

The Integrator Nulling Switch is a two-position toggle switch
located directly under the Integrator Nulling Voltmeter, This
switch eontrels the Integrator Nulling vhen the missile engines
are NOT being exereised by the Engine Exercise Unit, The pri-
mary purpese of this switch is to NULL the integrators prior

to a simulated launch,

This meter is a CENTER-READING DC voltmeter with a-0 to 10

valt scale aach side of center, It should read "ZERO" volis
when the Integrator Nulling Switch is in the "NULL" position,
provided the Engina Exercise Urnit is not operating, When the
Engine Exercise Unit is in eperation, the Integrator Null Switch
is LOCKED OUT sa’edch channelild- éXereised and'the meter willox
fluctuais-assthe exercise progresses,

Gvre Mulligs Switch .

This switch is located directly under the Gyro Nulling Vbltmeter
and serves the same purpcse for the gyros as the Integrator Null-
ing switch does for the integrators,

X

The Gyro Nulling Meter indicates when the pyros are nulled, In
this reepect it functions ideniiseally to the Integrator Nulling
¥eter. There is, however, a MAJOR DIFFERENCE in that the Gyro
¥ulling Meter is a Dual Scale center reading DC voltmeter, There

is 2 ten (10) volt scale (CENTER HEADING) and a five (5) volt

scale (CENTER READING)., The ten volt scale represents the INPUT

1o the meter from the GYRO AMPLIFIER, and the five volt scale re-
presents the DISPLACEMENT GYRO INPITT ‘- 448 meter, The scale selec~

ction is made by the Amplifier~Displacement switch.

CONEFHRENTIAL
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(Continued)

(15)

(16})

(17

(18)

(19)

miﬁer - Dg_p_l_[acamant Switch

This switch is located to the right of the Gyro Nulling Meter,
It 1s a two-pos;tion toggle switch and selects one of the two
scales described in paragraph (14) of this section., There are
three (3) channels possiblc on either AMPLIFIFR or DISPLACE-
MENT positions, These are PIICH, YAW, and ROLL. The Channel
Selector Switch selects the desired ch:mnel.

el Selecter Switch

The Channel Selector switch is a rotary seven-position switch
located directly below the Gyro Nulling Switch, Positions to
the left are for ®MANUAL" and those to the "RIGET" are far
MAUTOMATIC" operatiom, When on any of the ™MANUAL" positions,
the Integrator snd Gyro voltmeters will indiecate the voltages
of the chiannel sclected accoréing to the position of the AMP-
LIFIER - DISPLACEMENT SWITCH., When the Channel Selector switch
is on the "AUTOMATIC" side, (RIGHT side of "OFF"), the channels
selected will be exercised in the order shown on the panel.

arciss ector Swit

This switch is a rotary five (5) position switch, located directly
belowv the Integrator Nulling switch, When to the LEFT of "OFF",
the Engine Exercise signal is applied tc the Gyro and there is a
CHOICE of either maintained or releasing the INTEGRATOR NULL of
the channel being exercised, Wher on the RIGHT side of "OFF",

the Engine Exercise sigaal 1s upplied to the Integrator input
through the Integrator Nulling circuit of the channel being
sxercised, There is a CHOICE of releasing or maintaining GYRO-
NULL a= the test requires, The channel exercised is chosen by
the Channel Selector Switch, (Paragraph (16) of this section.)

Exergise Start ]

The Exercise Start consists of an AMBER Press~to-Test light and
the EBxercise Start switch directly below it, These are located
below the Exercise Selector Switch, The Fxercise Start Switch
is a MOMENTARY type pushbutten switch, When pressed, it will
start the Fngine Exercise Program, The Exesrcise Start light
should come "ON" when the switch is pressed, indicating that the
Exercire Program is undervay,

Static Firing Switch

The Static Firing switeh is & two-position ON-OFF GUARDED SWITCEF,
This switch must be "ON" during a static firing, When in the "™
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position, it BY-PASSES the Exercise 3slector switch inter-
lock., (The necessity for the interlock around the Bxercise
Selsctor circuit is that during a static firing it is de-

si~ sirable to have selected the Eugine Exercise PRIOR to cor
DURING firing of the engines,)

(20) Gyre pisable Switch

This switch 18 a twoeposition toggle switch located directly
balow tha Channel Selecvtor switch, In the DISABLE position
this switch GROUNDS the OUTPUTS from being fed inte the Inte-
grators and Servo Amplifiers, (This i8 required so as to

‘ eliminate the posaivility of severs structural autopilot os-
# cillations that oouwld occur during a static firing.§

(21) Panel pover

The Panel Power is applied by closirg the two-position toggle
switch located in the BOTTO¥ IEFT GORNER of the panel., When

the switch is closed, the AMBER Preas-to-Test light, directly

: above 'it, comes "OH®, indicating that 115.208 vdlts AC, 60 oycls,
3 phase power {supplied by the PAD FACILITY SYSTEN) has been
applied to the Autopilot Control Console, including the Decade
Event Timer, This power is also supplied to the kutepilét Moni-
for Al Caltrol Uuit "ind thé Tradibelr Excitdtion Gait, # ¥ i i-

» ag et PR, L AT . ) St TPty o ae T -
Yopdpy unl Tasiiad Tl Uh el ood n Cle U2 AU s e a, )

{2) Hiseile DO

This control consists of a two-pozition toggle switch snd an
* AMBER Press-to=Test light directly above it, ‘' These are located
to the RIGHT of the Psnel Power Controls, Closing the switch
: applies 428 volts DC te the COARSE GYRO HRATERS, located in the
L Missile Displacement Gyros, and similtansously to the COARSE
¢ @YRO HEATER INDICATOR LIGETS.

(23) "Goarse Gvro Heater Jndicater Lighbts

’

P o - m

ey e e

{

These lights comprise the TOP ROW of AMBER Press~to-Test lighta

to the RIGHT of the Missile DC Switch, Thers is one light fer
each Displacement Gyro Coarse Heater (PITCH, Y4V, and ROLL).

¥han the Coarse Heslers bring the Displacement Gyro tp to "NEAR
. OPERATING TEMPERATURE® which is 140 degrees, 45 degrees Fahrenheit,
‘a thermostat on each Displacement Gyro outs the power to that Gyro,
‘outting off the Coarse Heater Voltage gm the associated channei,
The COARSE KRATER IMDICATOR LICHIS go ®OOT™ as Coarse Heater Powsr
is ocutoff to the PITCH, YAW, or ROLL Displacement:Gyro,

e AR o 3t ~
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(343

(27)

=8

¥ine Cyre Heater Indicator Light

These comprise the BOTTOM ROW of AMEER Press-ito-Test lights,
directly below the Coarse Gyro He,ter irdicator lights, Ap-
proximately PIFTERN (15) minutes FINE warm-up time is re-

quired after the COARSE HEATERS have oycled, to bring the Displace-
nent Gyros to the “OPERATIONAL FINE® temperature of 150 degrees

4! degree Fahrenheit, During this FINE warm-up time the FINE GYRO

" REATER INDICATOR LIGET will cemec “ON™, (MOTE; Ths MISSIIE AC

SWITCH must be olosed to energize thegyro cahnistes. cirmitry that

" ¢oAtrols:the 428 VDG to the Fine, Heaters.'™ {See Paragraph {(26) this
~ssetion))

gaters Cyvoled gator ht

This is .a GREEN Press-~to-Test 1ight, located to the RIGET of the
Gyro Heaters lights., As soon as the "COARSE FEATERS® have warmed
up the Displacement Gyros to *NEAR OFERATING TEMPERATURE", (as
described in paragraph (23), they have YCYCLED* and the WEEATERS
CYCLES LIGHT® will coms "CH" ss the last FCOARSE GYRO HEATER
LIGET goes "(CFF",

Missile AC

This control consists of a twowposition toggle switch and an
AMBER Press-to-Test light, directly above it, (NOTE: Due to
an interlock in the Coarse Heater relsy circuit, this switch 1ie
ineffective until 211 the Coarse Heaters have cycled ) When
the Coarse Heaters Cycled light comes "ON", the MISSILE AU SWITCH
may be closed, applying 400 cycie power to the MISSILE AC BUS,
This 400 cycle power also controls a +28 volt DC source to the
YFIN® Gyro Heaters which will bring the Displacsment Gyros to
"OPERATICHAL PINE® temperaturs, (NOTB; SERIOUS DAMAGE to the
Displacement Cyro Spin Motors would oceur if AC power were ap-
plied prior to the Coarse Heater Cycle as they are immersed in
a 1ubr§cating fluid which is almost a sclid at ambient tempera~
tures,

2 ¢ator

The Bngine Zero Indicator is a GRERN Press.toTest light located
to the RIGHT of the Missile AC Indiecator light, This light comes
"Q" when al) Thrust Chambers are ALIGNED, It receives its sig..
nal via the Engine Position Zero Switch located in the GPPER LEFT
CORKER of the Engire Position Indicator Panel., (Refer to parss
graph (1) of Section 1,1,2,2)
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(Continusd)
(28)  utopidot Ready

This combrol conslsts of a two-~position toggle switeb snd

a GREEN Press-to-Test light, directly over it, The Autopilot
Control Coneole operator may close the Autopilot Resdy Switah,
causing the "AUTOPIIOT REZDY" light to come "ON" « both in the
Control Console Panel and the PRE-START Panel of the TEST CONe
DUGTORS CONSOLE. The following conditions must be met PRICOR
$o giving the AUTOPIIOT READY SIGHAL. {Figure 8 showz cone-
ditions required prior to giving the Autcpilot Ready Signal,)
(8) Prograzasr HUST be on "ZERQ®.

(v) Integrating Accelercmeter "KULLED®,

{¢) Gyros “DISABIED",

() Gyros "HULLED", or Vernier Start Relay "ENERGIZED®.

(e) Exorcise Selector "CFP", or the Static Firing Switch "ON®.

(£) Engine Zaro Switch "ON®,

YAR] = AUTO N, JNSOLE - (Refer to 7--68602)

The following is an analysis of circuit behavior when power is epplicd t
to the Autopilot Control Consoles

(1) Panal Pouar

(2)

The Autopilot Centrol Console is energized by closing the PANEL
POWER SWITCH (51), applying 428 volts DC to the console unit.
The PANEL POWER RELAY (K1) "CIOSES®. This relay controls the

115/208, 60 ops, 3 phase power (supplied by the PAD FACILITY
SYSTM).

Raneld Power Relay (X1)

The Panel Power Relay (K1) contacts Dy and D2 is connscted to
one side of the Decade Event Timer ON-CFF switch, and through
contacts Cy and ¢ Phage A, to the Decude Event Timer eircuitry;
i.e., filament heaters, etc., and also to the Hormally Open con~
tact of the Roll Programmer Voltege Adjust Switch (S18); through
contacts Ay and Ay to contacts Ca and C3 in the three phase, 60
eycle Power Relay. [lanated in the TRANSDUCER ENCITATICN UNIT)

and then to ths Blower Motor in the Transducer Excitation Unit.

CONFBEN AL
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UNIT. (NOTE: The Transducer Bxcitation Unit is lecated in the
Blookhouse Contrsl 8enter, and the Autopilot Monitor and Control
Unit is located in the Transfer Room, Both units are deseribed
in this report).

(3) Thempal Tipe Peloy Relay (X2)

428 volts DC 18 spplied to the Nermally Open contact of the
Thermal Time Delay Relay (R2).

(4) Gyxo Meter Selector Relay (KA)

428 volts DC i3 applied to one of the mrving contacts of the Gyro
-Indicator Switch (S17) which applies powser to the Gyrs Meter
Selector Relay (K604), mounted in the Relay Chassis of the Auto=
pilot Monitor and Control Unit, (This relay selects either a
«10=0-+10 Gyro Amplifier Signal, or a =5-0-45 Displacement Gyro
Signal,) The moter scale is changed depending on the position

of the Amplifier-Displacement Switch (S17), (located on the Auto-
pilot Control Consolse), (Refer to Seetion 1,1.2.4, Parsgraph (15).

(5) ter I St 618

-~
‘
N i
H

e

! 428 volte DG 4s applied to the Gyro Null Switeh (S16). This 1s a
SPST switch which, when closed, applies power through contacts of
the Booster Ignition Start Relay (X618) located in the Autopilot

n Monitor and Control Unity then to the coil of the Gyro Null Relays
(K614 and X615), When the Booster Ignition Start Relay (X618 is
energiied, (by closing the Ignition Start Switch in the Propulsion
Engine Control System), the Gyro Nuld Relays (X614 and K615) power
is removed and the Gyros cannot be nulled, irrespective of the
position of tho Gyro Null Switch (S16),

(6) e tor N 6

< 428 volts DC is applied through the Norfally Closed contacts A2 and,

of the Release Relay (X6) to the Accelerometer Null Switeh “(S15).

is is a SPST switch which, when closed, applies power to the Accelero-
meter Mulling Relay (X619), located in the Autopilot Monitor and Control
Unit, Upon appiieation of the Umbilical Eject Signil, the Release Relay
{X6) is energized, opening the contacts which apply power to the Accslero-
meter Null Switah (S15), and the aceelerometer cannot be nulled, irre-
spective of the position of the switch (815),

(7) Integrator Mmlling Relays (K616 and K617)
428 volts DG 4s applied through the Normally Closed contacts Cp and C3
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{Continued)

ef the Release Relay (K6) to the Integrator Null switoh (S7). -
Closing the Integrator Null Switch (S7) energizes the Integrator
Mulling Relays (X616 and K717), (loosted in the Autopilot
Monitor and Control Unit). The mequence of operation for the
Integrator Mull Switch (S7) and. Relays (K616 and K617) is the same
* a8 that desoribed in the preceding paragraph and, therefore, the
Integrators cannot be Nulled after application of the Umbilical
Eject Signal, irrespective of the: position of the Integrator Mull
Switeh (S7).

(8) Qrre Dissble Redavy (K605 and KEOG)

428 Volte DC is applied through the Normally Closed contacts D2
and D3 of the Release Relay (X6) to the Gyro Disable Switoh (S8),
snd then to the Gyro Disable Relays (X605 and K606), [located in
the Autopilot Monitor and Conmtrol Unit), which ere energiszed-
grounding the Gyro Amplifier Outputs. This is provided as a Safety
Factor for Static Firing Tests and eliminate the poassibility of
Structural Vibration causing damage to the mirsile., An interlock
15 provided scross the Gyrc Disable Switch (SB) and the contacts
of the Release Relay (X6), insuring that the Gyros are disabled
during a Statio Piring, When a launch is planned and the Static
Firing Switch (S11) is "OFF", ths Gyros camnot be disabled once
the Release Relay (K6) has closed, (IMBILICAL EJECT SINGAL)
irrespective uf the position of the Gyre Disable Switeh (585.

MISSTIE POWER. = 4C AND DC

Migsile Power is supplied from the Secondary Distribution Center. The
following is an analrels of how it is applied to the Missile Bus via the
Autopilot Control Conmsole t :

\
(1) DG Yoltsge N

By closing the Missile Power Switch (S2), 428 volts DC is applied

to one side of the coils of the Gyro Coarse Heater Relays (X3, Ki,
and X5), The other side of the coils are connected to +28 volis DC
at the Gyro Coarase Heaters., (Flgure 9 1is a simplified sobematic

of the Coarse Heater Relays and assoclated circultry)., When thd Oyro
Coarse Heaters have come up to temperature, (140 degrees, +5 degross
Fahrenheit), a thermostat opsns, removing the 428 vclts DC fram th
Gyro Coarse Heater Reley coils allowing ourrent to flow through the
heater windings to «28 volts DC, (This flow of cwrrent energised
the Coarse Heater Relaye, ceusing them to lock in & Closed positdcm).
Whan &1l three {3) Heater Relays (K3, Ki, and K5) sre closed, 428
volts DC 1z applied &5 ths {ilamient of the Thermal Time Delay Relny,
(X2). Five seconds later the Thermal Time Dalsy Reley (X2) closvs \

CONAIDENIIAL
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1.2 (Contirued)

g

1 applying +28 volts DG to one gide of the Missile AC Power Switch

(33), which, when closed, appliss +28 volts to the coil of the

three (3) phase, 115/208, 400 cycle Pover Relsy (K417), thus

applying pover to the Missile AC Power Bus, (NCTE: The Gyro

F - Course and Fine Hsater Indicstors on the Autopilot Control Console

- Penel are lighted whan the Heaters ari; ensrgised, and unlighted
when the Heaters are de-energised. The 28 wolts DC for the inw'c
dicators 1s supplied from within the missile).

r (2) AG ¥oltage

(a) The AC Power is applied to the Missile by closing the
Missile AC Powsr Switch (53). (located on the Autopilet
Control Console Panel). DC Power is then applied to one
side of the switch safter the heaters have cyclesd. Closing
the Missile AC Power Switch (33 energises Relay K417,

- (b) The voltage required to energize the Autopilot Ready System
is applied frca the Flight Programmer within the Missile,
This voitage is available only when the programsr is on
ZXR0O". This conditlon is noticed by the Programmer Zero
Indicator light coming "ON®, This is & GREEN press-to~test
light located on the Autepilot Control Coneole Panel, (refer
to Section 1.1.2.4, paragraph 2). This indicator gets its
voltage from the same source eas the Autopilot Ready Systeme
In order for the Autopilot to be "Ready®, the Accelercmeter
Nulling Relay (X619), the Integrator Mulling Relsys (K616
and K617), the Gyro Disable Relay (X5), and the Gyro Nulling
Relays (K614 and K615) must be CIOSED, To insure that the
Autopilot Ready Signal is maintained after Booster Ignition
Start, the Booster Ignition Relay (X618) parallels the Gyro
Fulling Relays (K61, and X615). When the Static Piri
Switeh (S11 is "ON", (or the Exercise Selector Suitchn%“)
is in the "OFY" position), the voltage is applied to the
Engine Position Zero Switeh (S204), {located in the Auto-

i pilot Auxiliary Comtrol Console. Thies switch ic closed when
the engines are on Zero Position., Closing the Autopilot
Ready Switech (S12), will then light the Autopilot Ready
Indisator {I17) on the Autopilot Control Console Panel, and
send the Autopilot Ready Signal to the Launch Panel,

1.3 RASRLACRMENT GIRQ WARM-UF PIRICD
Ao Dssorivkien of Coerstion
(1) Psnel Pover Switch {81)
Close the Panel Power Switch (S1) to PON®*, +28 volts DC lights

LRONHOENTIAL
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the Panel Power Indicator press-to-~test light (I~1), and Power

Relay (K1) is energised, applying 115 volt AC, 60 cycle power
to the Autopilot Crutrol Panel.

(2) Mizedle RC Switch (S2)

Close the Missile DC Switoh (S2) to "ON", +28 volts DG flous
through X601 when internal DC power is "OFF", and K602 when
sxternal DC power is "ON", When the Missile DG switch is closed,
relay K406 is energized and 428 volte DC lights the Missile DC
Indicator (I-2) and applies 428 volts DG to the Gyro Coarse
Heaters. The Gyro Coarse Heaters come "ON* es a resitit of
voltage to P1001-84. (NCTE: The Gyro Course Heater Relays

(X3, K4, and K5) are WOT onergized initially becauss BOTH sides
of the Relay Coil have 428 volts DC epplied to them,)

(3) Gxxe Cosrss lisaters

As Coarse Gyro Heater Power is "CUT OFF" by a thermostat in

each channel, surrent flows through the relays X3, K, or X5.

As soon as current is applied, the relay operates and remains

energized., When all three relays ars energized, +28 wolts DC

{1 . is applied to the Time Delay Relsy (X2) closing it. 28 volis

-~ DC from the Panel Power Switeh {S1) will now light the Coarse
Heater Cycie Indicator (I-4).

(4) Misslle AC Syitch

Turn the Missile AC Switeh (S3) to "ON", +28 volts DC ener-
gizes relay X417 via the time Delay Reley (K2) and the Missile
AC Power Switeh (S3). The AC Power Indicator light (I-3) comes
"ON* and 400 cycle power is eppliedito.the Missile Autopilot bus,
Cisplacement Gyro Spin Motore and the FINE heeaters are energized
from the bus, Piftesn (15) minutee MUST be allowed for the Fine

) Temperatures of 150 degrees, il degree Fahrenheit to be attained
) before exercising the displacement Gyros.

2.0 AUIOPLIOT TEST FROGRAMMER (ATP) .

2.1 GENERAL E ’

The Autopilot Test Programmer comprises the equipment required to sffect
a complete simulatsd operation of the Airborne Flight Conmtrol System or
components theraof. The Autopilot Test Programmer consists of the follow-
ing major componentss X

(1) Autopilot Test Programmer Ccneols

(2) Autopilot Test Programmer Auxiliary Console

. CONEMRENTIAL
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2,1 (Continued)
(3) Autopilot Test Programmer Quarter Rack,
2,2 EURPOSE

The purpose of the Autopilot Test Programmer (ATP) is to rapidly proe
gram simlated inputs into components of the Flight Control System, In
addition, it can, at the disoretion of the operator, join the components
] to effect a complete simulated operation of the Airborne Flight Control
g System, (This is accomplished by by-passing the Engine Exorcise Portion
of the Autopilot Control Corsole by moans of a Relay and Buckout Amplie
fier Unit,»(which is a component of the Autopilot Monitoridmd Control
’ Unit, described in section 4,0 of this report), The Schemstic Diagram
' 7-68602 consists of seven (7) sheets showing the entire Autopilot Conte
rol System - Sheets 4 and 5 are of the Autopilot Test Programmer, The
ATP provides the gyro test signal and servo teat signal, monitors then,
and autogatically controls their introduction and routing into the sys-
tem, It similtaneously gives a visual monitor of test conéitions to
the operator - as pertains to program time,

g 2.3 DESCRIPTIGN
: (1) Six~Channe] Paper Tape Punch

This unit punches a preearranged progrém into e 7/8«inch wide paper
L tape (See Figure 10), When an automatic program is required ihe pre-
punched tape is fed through & six~channel paper tape resder,

(2) Six~Channel paper Tape Reader

This unit reads the punched holes anc interprets the punched code
into any one of sixty-two (62) selectiens through a relay tree sele
ection matrix, *

(3) Relay Tree Seledtion Matrix

This group:of relays interprets the code to a Ziven selection, -
makes the selection and helds it until signaled to clear it by
snother punched code,

»

EOTE; One row of punched holes is recuired to make a given selec.-
tiony however, the reader operates at ten (10) steps or
rYows per second, so that coordinated inputs as close a5 one-

s tenth (1/10) second apart may be effedted,

(4) 8ignal Generator
' This unit provides Sime Wave, Ramp,. and Sweep frequency functions

of various frequencies and amplitudes upon command of the selection
matrix,

?  CONEDENFHAL
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(5) Man.al Selsction (Control and Monitor Panel)

possible selections,

This unit permits the operator to:

{2) Control POWER to the ATP

(b) Manually PRE-PUNCH a tape program
(¢) Automatically READ a taped program
(a) Gbssrve the PROGRESS of a program

(e} Manually CHECK and TEST certain components

e

Pty AR IS TR R e

REPCRT NO. ZM

DATEs 3 Qckober 1956
MODEL: 7

NOTE; A block diagram of the system is sh-wn {n Figure 11,
Automatic and Manual Selection

The Programmer)" is capable of making ONE selection AT A TIME of 62

When reading a PRE~PUNCHED tape, it is capable

of, making su)éh a selection TEN times every SECOND. When operating
manually, tZe switches on the ATP MANUAL CONTROL PANEL provide the

9lectrical

operate th¢ Tape Punch and Selaction Matrix,

NOTE:

election impluses to the Channel Relays, which in turn

It is possible to make MANUAL SELECTIONS without punching the

‘tape’ by:using:the TperitionmlMode Rotary switch in the Readerw

Punch Contr.l Field by switching to MANUAL-TEST,

Under this

condition, functions involving the SIGNAL GENFRATOR; namcly,
FIXED FREQUENCY, SWEEP FRERNENCY, and RAMP, are generated as
usual, In the MANUAL-PUNCH tape position the Signal Generator
will not be driven. (The selections, whether made MANUALLY or
AUTOMATICALLY, will be displayad by the indicator lights ad-

¢djagent to the Selector Switches.

ement

The Test Panel is srranged with switch groupings as follows: (Refer
to Figure 12);

(1)
(2)
(3)

(4)

Servo Test 8ignal
Engine Position OQuiput Mode
Gyro Test Signal

Jervo and Integrator Control

3




:
L
-~ o 4 N b » e ad e LI h B St DT N 8 & AR Y TR B AR g T T e ,{’g}:&”!ﬁf??:‘:lbf‘%v?:wyﬁ‘f4 :’rt—'rxj.‘\;t_ ‘\?""":L
3 , &
n ANALYSIS CONVYVY AIR RAGE
PREPARED BY A SIVISIAR OF GSHERAL SYEANICE CORPORATION REPORT NO.ZM 7-227 TN
3 SAN DIXGO
3 CHEGCKED BY MODEL 7
F REVISED BY DATE 3 Oatober 1956
Ji
]
AUTOPILOT TEST PROGRAMMER
D SERVG TEST SIGNAL TERE Fa )]
‘L__D T puf :o a’ m’\__.
3 - cl‘
- o VAW SHEE pamp 2 . AT oq‘ ’
[ ! o7 srer -2 T_ged
. ‘ ~ O . CLEAR SERVO @ @
TEAT ANO INTE
ﬂa . O canNraot MANUAL =150 / « N\ ¢3%0"
* 44, _.J L‘Hal"
CHAMNEL FUNCTION  n o RaMp ALY
SELECT AWPLITUOE ‘ g
O &%) AR\
Q © Q 4 B O
ey ) ©3 SWEEP n TOTAL (VLS (‘J
> GYRO TEST SUNAL O €3 STEP AMPIITUDE - DEGREES %:
C1 FIRED U C.P.S.
C0 TIME To mAX. RAMP. SECONDS
YAW L./
"""‘OOO"“‘- éb © PTG RALL —ssnvo AND mreaa»mn (r.Nrml-
! - CLEAR CHANNEL
@ Q AND  GYRD @ nres ¥ nou wroa oo piren™ lou.
LO OQM NULL INTERRUPT Og)
CNANNEL INTERRUPE
: MAGNITUDE YR Nl
. il o &2 o INTEGRRTOR IMTERAUPT SENO ANPLIAR
, - ! 5 mugxoxm ogcr iNpgT
e FUMIHT  PROGRAMMER
READER - PUNCH CONTROL——
] T
ey PITEN Aol [0) ; orr  REAOER— -
— @ G MOTORY Ayig-apap . WNULTET oo oy
e o MRy
8UCX ouT ened @ TE . @ @
AMPLIFIER IN  START CLEAR o s
@ RATE COMPUTER.
re YAW
H —POWER {ONTROL= oN
' PrLSY - TEST .
| 5 INOILATOR LIGSTS 2840 Qv /9\! ~—TEST JACKs—
. {Prower  osF) 100 §OLMS c]
@ @ ces @ o SIRY 5% cor-oFF
Sie. St GRAUND
‘ oN ofF ouTryT ADIANCE ’ﬁ' €
: |
3 F1G.12 |
h FONM 1312.A
PR ¥ *

-




e

A}

2.3.2

2,3.3

2.3.3.1

R T e W S v AT v . S
T T 78 0 A S A e in S AL, R E R I A e

(Continued)

(5}
(6)
(7)
(8)
{9)

- .

Flight Programmer

Reader~Punch Control

Power Qentrol

Test Jacks }

The Rate Computer to the Yaw Function Switch is Yaw Function
ISQLATED, It is cleared by the *CLEAR" switch under the Flight
Programaer,

£ tion

This section descrites what the switches and indicators in the ATP do
and novw it is socompliehed,

(a)

Selection

During MANUAL selection the basic selection devise is a rotary
switch,. (Refer to Figure 12,) To make a sslection, the switch

is set to the desired position and the momentary pushbutton direct-
ly below it is depressed, If the ATP makes the selection, the in-
dicator light OPPCSITE the selected settinpg will light, The momen-
tary pushbutton switch assooisted with the large rotary selastor
switch in the CEXTER of Servo Test Signal grouping is to the right
and abovm-the FOUR color codes designating the units ~f the quantie-
ties it is capable of selecting. Other SIKGLE selections are made
by toggle switches, both MOMENTARY and LOCKING, BEBach partieular
switch (FUNCTION and OPERATIN), ia described as follows, commence
ing at the UPPER RIGHT SIDE of the panels:

SERVQ TEST SIGNAL
(1) CHAURL

To sslert the channels into which the teat signal will be intro-
duced, the Selector Knob is rotuted to ths desired po itions and
the MOMENTARY pushbutton switch, directly below, depressed, The
indicator lamp opposite the selection will light, It is possible
to intbhduce the signal into sny or all channels by making the
selections one at a time, depressing the bushbutton after EACH
SELECTION, The lights remain "QN" until cleared by the Clear Servo
Test and Integrating Control Switoh, Ko each seleciion is made

(if the unit is set for MANUAL-PUNCH TAPE), the tape is AUTCMATI-
CALLY advanced one step preparatory to receiving the next signal,

CONEHDENRAL
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(2) FUNGTION SELECT

This switch operates in the same manner as the Channel Switch,
NCTION SELECTION ONLY should be made for a given test.

RAKP._AMPLITUDE

This switch operation is the same as above. ONLY JKE ©
fTor a given test should be made, depending on the MAXIMUM ANGLE
of engine defiection desired,

() The large rotary switchk in the CENTER 8f the Servo Test
Signel Field selects the various magnitudes ~f the quan
tities selected by the Function Select Switch. Switch
operstion is the same as above, EXCEPT that the momentary
pushbutton associated with this switch is lvcated to the
RIGET and ABOVE the four color codes which identify the
units, _FOR EXAMPLE: If a fixed frequsncy SINE YAVE input
has been chosen with the Function Select Switch, then the
ring of figures identified by the PIVE colnr around the
large switch indicates that a fregnency from (3 cycles per
second ray be chosen., The other three col~rs identify the
other guantities associated with the Function Selectionsi

BLACK for SWEEP FREQURNCY in total cycles,

REE for STEP AMPLITUDE in degrees

GREEN for TIME to MAXIMUM RANP in seconds

NOTE:s The selsction of these quantities begins the test.

(®) To SUSTAIN the test, it is necessary to advance the tape by
use of the Telephone Dial in the LCWER RIGHT corner of the
panel; each digit advances the tspe one (1) step, When the
tape is being read, this is equivalent to cne-tenth (1/10)°
second RBAL timc., Therefore, for each 0,1 second togt dura~

;ion, the corresponding number on the dial should be used,
OR

(a) Dialing 5 will sustain the test 0.5 or 1/2 second;
dialing 0 will sustain it 1.0 second, etc, A Program
Continuity Counter located in the MGNITOR PAKEL above
the Control Panel indicates the PROCRESS of the progrem
by steps {Rsfer to Figure 14).

CONEMDENTIAL
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¥OTR: Dividing this total by TEN (10) will
indicate the TCTAL number of seconds
a2 given progrem HAS RUN,

) GLEAR SER(Y. > E0E ND INTRGRAIING CONIROL

This svitch o.7vs up the code which MOMENTARILY discomnects the
holding bus for ALL the Servo Test Signel Seleotions. It is a
MOMENTARY type toggle ewitch which is depressed DOWKWARD to
operate., Upon opsration, all the indicetor lights inm the Serve
Test Signal Field will go "QUT" indicating thay have been cleared.

NOTE: It is suggested that a complete test be plamned by
use of & TABULATED FORM such as shown in Figure 13.
(The remards column has been siown for explanation
¢nly.) In the Servo Test Prozram OFLY, it is posaible
to chsnge the values of the qusntities chosen by the
lerge selector awitchj rotating the switch to the new
valns desirsd and ACAIN depressing the mogentary push—
bution switch, will apply the new velue before the pro-
viously selected one is gleared.

EXAMPLE: A test invelving a step deflection of =2 degrees
may by INCREASED TC =3 degrses without canceiling
the signal for an instant, which would permit the
Servog to begin Nulling, (When SWEEP frequency is
chosell, it is MOT possible to change quantities as

ducr%bod above; tha CLEAR SERVO TEST CODE must be
used,

(5) REQLEE POSITION QUTFVT MODK

The cperator may effect MANUAL DISPLACIMENT of the engines by use

«; {hefethe contrels under Engine Position Output Xode. (For the AUTO-

MATIC OPFRATIONS previously deseribed, the switch would have been
sst to the AUTO POSITION) Operation of this switch to MANUAL scti~
vates the MANUAL Petontiometer Contrel. For this test ONLY, the
ehannel desired should be selected. The Engine Sarvos are’then
oontrolied by the MANUAL EKHOB and will displace at the rate and to
the HAXIHUN deflection called for, (as the operator rotates this
knob), provided the output switch iz clesed.

(1) GHAIREL

Gyro Test Channel S iection is effected the same way as Servo Test

Channel Selection., Agaim, the signal may ba routed into any or all

_Q@WWM:
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three of the channels by making the selectlona one at 2 time

and depresping the moméntary pushbution directly below it

after esach selection..- The lighted indicators serve as & "memory"
tc indicate which channels have been chosen.

(2) MAGHITURE

Magpitude sslection of the Gyro Test Signal is sccomplished in
the same marner as sbove, The units +1 through +5, and -1 through
«5 are dimensionless units reprecenting rslative magnitude of =
step input voltage; either im phase or evi-of-phase with the refer-
ence voltage. The stual voliage provided is adjustable by an AC
potenticmeter accessidls from the contral penel. It is to Mhed..
that the Gyro Test Signal is referred to in refersnce 4 as the
Ground Test Input, and will commsnd the Autopilot Systen unless
the Gyro Amplifier cutputs are MANUALLY set to their dumay load
by the Guarded Switches in the Auxiliery Control Panel directly
above ATP control panel,

(3)

Thiz switch (a MOMENTARY toggle switch) will encods the sigmal to
"CLEAR" the indicated functions whan pressed, The indicator lights
will go OUT us these functions sre cleared.

(4) GLEAB.MAGNITUDS
This is a MOMENTARY toggle switch which, when pressed DOMIWARD
Wil "CLEAR® the previsusly chosen Gyre Megnitude,
(5% INTERRUPZ. GXRQ NULL :
This switch will interrupt Gyro Nulling in any or all of the cone
trol channels, It is operated in the same manner as the Channel

Switches. (To sslect more than one ghannel, the switch mast be
set and the pushbutton directly below pressed each time,)

SIRYQ_AND_JNIZGRAZOR CONTROL

(1) INIEGRATOR INPUT
After the Servo Test Signal has been defined az to CGHANNEL, FUNC-
TION, and MAGNITUDE, it may be routed to the Integrator through

this switch. Provided the oorresponding Serve Test Signal Channel
is glosed through,; more than one channel may be chosen,
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(2) INTEREUPT INTEGRAZCE RULL

The Integrator INPGT and OUTPUT is bridged by a Nulling Asplifier,
Using this switsh will interrupt the Mulling Path and prevent the
Integrator OUTPUT into the Servo Amplifisr from being Nulled.

(3) SEYQ AMPLIFIIR RIREGT INFUT
' Any of thase selsctions UNGROUNDS the Servoe Amplifier IKPUT and
connects it to the Test Signsl QUTPUTS from ATP (through the
GUARDED switches in the Autopiiot Test Monitor Panel directly
above.) (See Figure 14.)
NTE: The function of these switches may best be described as
SSPLITTING® the Autopilot System, When the switeh gvard
is cloeed, the Gyro Amplifisr ie "SPLiT® from the Servo
Mmplifier Summing Junction and conmected to a dummy loads

The test signal path from the Programmer is connected to
the Servo Amplifier INPUT in its place. With the switch
guard RAISED and the switch operated to thc RIGHT, the
dumsy loed is REMOVED from the Gyro implifier CUTPUT,

The Gyre Amplifier OUTPUT is connected to the Servo Am~
plifier INPUT ag-it would be for NORMAL Autopilet operation,
Simultareously, the ATP Sarvo Test Signal is DISCONNECTED
from the Servo Amplifier INPUT,

s

FLIGHT FROGERMER
(1) SUCK-QUI MPLIFIIR
Buck-Qut Amplifiers are provided to "buck~out® the Flight Programmer

Signal at the Sumaing Junction of the PITCH and ROLL Gyro torquers.
This svitch selects and closes this "buck-out® path, ,

CLEAR
Depressing this MOMENT ARI toggle switch CLEARS Buck-Out Axplifier

selection, Flight Programmer Start selection, and Rate Computer to
Yaw selecticn,

SXARL

Depresszing this K@(DITAR! toggle switch starts the Flight Progresmer.
WOTEs

(2)

(3)

This is, in effect, equivalent to Mipsils Umbilical
Fiug "Bi0OW OFF-,

» HAMLE
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cuzzn

( . (4) BATE COMPUTER 10 XAW

These computers *READ OUT* the pitoch component rates UNLESS the
Rate Computer to Yaw Lever switch is depressed DOWNWARD.

r »
WTE: This function selection is clearsd by the Clear Switch,
Jocated UNDIR the Flight Progrsmmer.
R 2.3.3.5 - RRADHR-PUNCH CONTROL

(2)
()

(1) vozoR

The Taps PUNCH and Tape READER are clutch driven by an“AC Motor,

The Motor Switch must be "ON® when READING or PUNCHING tape, The
Kotor Switch skiuld be “"OFF® vhen “SHUTTING-DOWN®, or during MANUAL-
TEST operation,

QERRATI ONAL XODR SELECTOR. SWITCH

This switeh 15 rotated to the desired position to PUNCE TAPE,
READ TAPE, or CHECK-OUT the Programmer Selectionr Circuitry.

() Autg-Read Tspe Positicn

In this position the Telephons Dial, Sslector, and Clear
switches are DISABLED. The Engine Position Cutput Mode
controls are JIT @ffected, therefore, the AUTO-MANUAL
toggle switch must be set to AUTO when reading a PREe
PUNCBED tape. The tape reader contacts are now ENER=-
GIZED and the unit is ready to READ a PRE~PUNCHED tape
prograa.

(v) QLrReakiiem

In this position, the Punch, Reader, Program Step Counter,
and Relay Matrix Signal Generator CUTPUTS are DISABIED.
Pover s still being supplied to the Servo Amplifier,
Signal Generator Motor, Panel Indicator lights, Function
Generator Transformers s and Servo Drive Precision Resistor,
The unit is in STAMDBY condition PROVIDED the power is "ON®,

(o) Yanual-Test Pociticn
In this position the Program Step Counter is DISABIED, The
remaining componente are operative and a program may e

chosen, selection checked, and ouiputs MONITORED &% the test
Jacks wnich are connected AHEAD of the output cutoff switch,

CONEREMTIAL
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(d) Mepual-Punch Iname Positich

In this position the Signal Generstor is DISABLED. (This
is done to permit the operator to selest the program with-
out unnecessery wear on the signal generator gear train and
clutches).

2.3.3.6  READRR SWITCHES
(1) EROTR-JOCAL SWITCH

2,343.7

When this switch ic in the IOCAL PGSITION, the Reader ON-CFF
switeh controls the reader engags clutch, When ths switch iz ip
the RRMOTE position, a signal indicating “GAS GENERATOR YALVE OPEN®
from the ENGINE CONTROL SYSTEM ACTUATES the Resader Engage Clutch.

ZONER. CONIROL
(1) RRESS-TO-TIST INDICATOR LIGHTS (POWIR OFF)

(2)

(3)

(4)

This pushbutton switch, ISOLATES ALL the indicator lights on the
penel and provides them with 428 volts DC for & check of lamp con~
timuity,.

NOTE: The Master Powsr Contrel MUST EE CFF to make this test,

QA SWITCH

Momentary depression of this pushbutton applies the three (3) types
of pover required for Programmercperation to the system. The in-
dicator lights directly above indicator when the power is being sup~
plied, The power will be applied umtil the holé circuit is BROKEN
by an OFF SWITCH {deseribed below).

O Sl

This MOMENTARY pushbutton INTERRUPTS the Power Hold circuit and dis-
connscts all power from the Progrsmmer Systems.

-

HOTE:s A Pilot Relay connected to the 428 volts DC power control
OPENS the indicator light circuites in the Autopilot Test
Monitor Pansl so the nulling and dusmy load indicator
Jights will BT 1ight when ATP is not ia use,

IRLIACS

The Gyro Signal and Servo Signsl Jacks ars connected to the respective
outpute ahead of the Qutput Cuteff Switeh to permit monitoring of thess
signals, whether or not the outputs are closed through,

CONHDENTIAL

4




o

23347

2.3.3.8

2.3.3.9

3.0
3.1

S AN mat s ke e iy L Ly e i sty e

REPORT N0, 24 7-227 N
DATE: 3 October 1956
MODEL: 7

~24

(Continusd)

(5) QUIEUI SWITGH

All outputs from Lhe Programmer te the respective Autopilot come
ponents will NOT be closed through UKIESS the guard on this switch
has baen raised and the switch thrown UP to the ON position,

(6) ARYANCE TAPE RIAL ’

Use of the Telephone Dial to advance tape ip MAKUAL operating
mode has been described in Peragraph (B) of Section 2.3.3.1 of

this repert.

AURRLIQL TEST MOMITOR .PANAL

(A) The Autepilot Test Menitor Panel is located in the Autopilot Test
Programmer iuxiliary Console (see Figure: 15); . .. It contalns

one row of indicator lights for each channel which indicate the
signal routing being effected by the Progrsmmer, and the guarded
switch which ¢loses the Gyro Si through to the Servo Amplifier
(as mentioned above). A digital voltmeter read~out with a rotary
gwitch for selecting the various power aources, and a read~-stendby
switch (a0 that the voltmeter nsed not sample the voltages cone
timously).

(B) The Programmer contimuity stop counterindicates progress of the
prograa {AS INDICATED ABOVE). 4 monitor of aorrect phese rotation
is maintained by an indicstor light. If this light goes out, con-
nections of the three (3) phase, 400 oycle power must be re-arranged.

USTIEQGRAMER QUASTIR RAGK

The base supporting the ATP Console and Auxiliary Console comprises the
Quarter Rack. It housss the power supply which is used with the Signal
Ganerator Servo Amplifier. Front Pavel access to the power supply, for
output moritoring and adjustment, is through the double doors ox the
fromt of the cabinet, (The digital voltmeter equipment box is alse
mounted here., Ses Figure 15.) -

The Trensducer Excitation Uait (TEU) contains equipment for TEST and

SIGNAL MEASURBMZNT thrsughout the iutepilot Control Syatem. It is located
in the Control Genter Blockhouse, The umit operstes in conjunction with all
23)5r Gemponents of the Autopilot Conmtrol System,

LONHDENTHAL
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The purpoce of the Transducer Excitstion Unit (TEU) is to provide
Test and Mensurement of Autopilot Control Systsm components from the
Control Casnier Blockhouse PR.OK to and DURING tests of the Missile.
The Transcuder Excitation Unit (TBU) provides all the equipment re-
guired for its function in one location, thereby making Test and
Heaswrement an eassier, wore rapid procedure,

RECCRIPTION

The TEU ie comprised of a 72" by 24" by 24" steel cabinet containing
eight (8) rack-mounted dravers end panels which may be drawn out on
"echassis-traks® for servicing, maintensnce, or calibration of tho sub-
essemblies contrincd therein., At the foot of the TEU is a screened angd
grilled compartment which contains the blower motor which provides
cooling for the THU. The dravers are vertically mounted as follows:
(a) 7-66850 -~ BOOSTER RATE COMPUIER PANEL

(b) 7-66850 - VERNIUR RATE CCMPUTER PANEL

(c) 7-68025~3 = RATIO TRANSFORMER PANEL

(d) 7-68025-27 - TEST PANEL

(e) {(No Drawing avsilable at this time) ~ CONSTANT CUSRENT EXCITATION
PANEL

(£) 7-68058 - DEMCDULATOR PANEL

{g) 7-66851 -~ SIMMING AMPLIFIER PANTL

(h) 7-68056 - DC POWER SUPPLY PANEL

(1) - - - - - BIOWER MOTOR

(1) BOOSTEE RATE COMPUTERPANEL (766850}
There are three Booster Reate Cumputer Units contained in this
pansl, Switches are provided to select inputs from elther the
Booster Engine Position | *ensducer Signals or the Integrator out-
puts. Whsn Booster Enginc Positlion Transducer Signals sre being
tested, the Rate Computers can be switched from PITCH CHANNEL to

YAW CHANNEL by & signsl from the AUTOPIIOT TEST PROGRAMMER. (See
Paragraph (5) Section 2.3.3.1.)

LUNALDENTFAL

e i e —




3
2

A ey ATRELTG  « ] ] NPT SRS, AR o TR AT AL A g AR SRS A N R et T el Mg

-

3.3

VRO, T BTN A AT IR T P
AT £RS - " A PO P PRt - -

REPORT MO, -2
DATE: Ogto

2 bm

(Continued)

(2)

(3)

(5)

(6)

VERNIER RATE COMPUTER PANE], (7-66850)

There are two Vernier Rate Computer UNITS contained in this
panel, The Vernier Rate Computor Punel performs the same func-
tion in respect to the Vernier Engine Position Transducer Signsls
and Integrator outputes as the Booster Rate Computer Panel does
for the Beoster Engine Position Tranaducer Signals end Integra=-
tor outputs and the procedure followed is the same,

RATIO TRANSFOPMER PANEL (7-68025-3)

This is a vendor furnished item. The Ratio Transformer provides
caiibration voltages for the Engine Position Indicator eircuits
{sse Paragraph (1), Section 1.1.2.2), and the Autopilot Signal
Honitoring ciroults (see Section 4.0). The OUTPUT TO IKPUT RATIO
ie sel by FIVE rotary switches and a potentiometer. The QUTPUT
signal is comnected into a switching system on the TEU Test Panel
{see Paragraph {4), Section 3.3).

IEST PANEL (7-68025-27)

The Test Penel contrcls the TEST and CALIBRATION SIGNALS from the
Ratio Transformer to the Autopilot Control System. Switches are
provided to control TEST SIGNAL PRASING, The 115 volt, 400 cycle
line voltage and tho Ratio Transformer output voltege can bs tested
from the panel via test jacke. If no 400 cycle line voltage is
avajleble, a PORTABLE 115 volt, 400 cycle source can be connected
into the system through a pair of jacks on the panel, The TEU can
be energized LOCALLY, without turning on the Autopilot Control Cone
sole, by a switch on the panel,

CONSTANT CURRERT EXCITATION PANEL (No Drawing available at thip time)

This panel contains the Constant Current Power Supply which supplies
& ONSTANT 45 Milliempere, 400 uvycls current to the Engine Position
Transducers (MICROSYNS) on the Booster Engines. The position Signal
output from each transducer is DIRECTLY PROPOXTIONAL to the exci-
taticn cursgnt. Therefore, to maintain accuracy, the Constant Cur-
rent Pover Supply STABILIZES LINE VOITAGE VARIATIONS apd CHANGES IN
10AD RESISTANCE, This is a vendor furnished itenm,

DRADULATOR PANEL {7-68053)

This panel contains TEN (10) Phase Sensitive Demodulator Units,

CONVERT 400 oycls PHASE-REVERSING signale into POLARITY-REVERSING

DIRECT CURRENT siznals. Inputs to the Democuistors are the Engine

~

These
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(7)

(8)

(9)

Position Tranaducer 8ignsls. The Direet Currsnt Qutput Signals
are connected to the Engine Position Indicator Heters on the
AUTOPIIOT AUXILIARY CONTROL CONSOLE (see Paragraph (3), Section
1.1.2.2), Each demodulator consists of a transistorized demod«
ulating cirouit and a Reference-Voltags Phase-Shifter. Each de-
modulator circuit can be corrscted for transducer and linesphase
shifts by the Phase~Shifter. Thsre is A GAIN and PHASE SHIFT
control located in each demodulator unit. (These reguire a
sorewdriver for sdjustment.) Test jacks are provided on the
panel at SI(GNAL. INPUT and SIGNAL OUTPUT points.

SUMING APLIFIIR PANEL (7-66851)

Thers are FOUR (4) Susming Amplifier UNITS in this pane). These

provide a SUM (DIFFERENCE) s 1 from a puir of Engite Position

Transducer Sigrals {Microsyns). Rach Summing Aeplifier Unit pro-
vides one of the following SUM (DIFFERENCE) outputss

(a) BOOSTER MO. 1 and BOOSTER ¥O. 2 - PITCH

(b) BOOSTER NO. 1 and BOOSTER MO. 2 - YAW/ROLL

{c) VERNIER NO, ? and VERNIER NO, 2 ooPITCH/InLL

(d) VERNIER NO, 1 and VERNIER KO. 2 - YAW ’

From these output signals, INSTAKTANEOUS POSITION DIFFERENCES be-
tween pairs of engines (operating in similar axis) can be deter=
miznad, The mejor ocomp~nents of sach Swmming Amplifier Uniterse TWO
(2) trensformers, a duo-triocde vacuum tube, FOUR (4) padder capae-
citors, and a2 Test Selector Switch.

RC_POWER._SUPPLY (7-68056'

The DC Power Supply is & vendor furnished item, It supplies B+
8nd bias voltages to the Rate Computers and Summing Amplifisrs.

RIRVER.MOTOR

The Blower Motor is a SPLIT~PHASE, sleevs bearing, 1/4 H.P., 1725
RPM, .10 volt AC, 60 cycle motor, resilient mounted. The pulleys

will deliver 600 to 800 cubic feet per minute; reversed they will

deliver up to 1,000 cubic feet per mimita. The motor assembly is

mounted behind a {ilter system which may be removed for cleaning,

The cleaning shouid be done acocording to the amount of dust, sand,
molsturs, «ic., 1 the particulsr location of the THU.

GCONEHENNAL
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40  AUIOPIICT MONITOR ARD QONTROL WNIT (7-66900)
f 4o W . *

The Autopilot Monitoring and Control Unit serves as a teminal point
for Contrel, Test, and Measurement signels betwaen the Missile Auto-

F pilot and the Contrcl Center Blockhouse.
4o2 RURPQSE
! The purposs of the Autopilot Momitor and Control Unit is to provide

a compsct, convenient package for the varicus control circults and
slectronic components required to perform the functions for which- the
Autopllot Control System wes designed.

43 RESCGRIETION '
. The Autopilot Monitor and Control Unit is housed in a 72" by 24" by.
24% steel cabinet located in the Fuel Transfer Roam., It ccntains the
followinz sub=-assemblicst
(a) 7-66908 - TEST PANEL
} (b) T7-66916 - SIGNAL ISOLATION UNIT
] (¢} 7=66921 - ISOLATION AMPLIFIER
(a) 7-66955 = NULLING AMPIIFIER PANEL
(e) 7-66971 « NULLING AMPLIFIER
' . (£) 7-6698% ~ TEST RELAY AXD CALIBRATION PANEL
(g) 7-66990 - RELAY AND BUCKQUT AMPLIFIER: PANEL
(h) 7-66894 - BUCKOUT AMPLIFIER
(1) 7-66988 ~ ENGINE EXERCISE PROGRAMMER
(3) 7-66935 - POWER SUPPLY PANEL
(k) = « « = = BIOWER
The entire unit is vendor furniched, The major components are’ contained
in nine penels (including the BIOWER which provides coolirg for the unit),
Bight of these panels are mounted in chassis tracks and can be pulled oute
ward, drawver fashion, for maintenance or celibration work ani all sre mounted

vertically. The following list of panels is sz they appeer in the wnit from
top to bottoms

GONFRIERHAL
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(Continued)

(a)
(b)
{c)
(a)
(o)
(£)
(g)
(n)

(1)

(1)

(2)

(3)

TEST PANEL

STENAL TSOLATION UKIT (1)

SIGNAL ISOLATION UNIT (2)

NULLING AMPLIFIER UNIT

TEST RELAY AND CALIBRATION PANEL

REIAY AND ENGINE EXFACISE PROGRAMMER
RELAY AND BUCKOUT AMPLIFI:R PANEL

POWER SUPPLY

BIOWER /

TEST PANEL (7-66508)

The Test Pansl provides a means for testing the PHASE and GAIN of
the Isolation Amplifiers. It contains Filsment power and Quadrature
Signal circuitry, Hixing Network, DC Anplifier, Cathode Follower,
and:Meter circuitry‘.

SIGHAL ISOLATION UMITS (7-66916)

There are TWO (2) PANELS of Signal Isolation Units. Xach contains
fiftesn (¥5) ®ACTIVE® lgolation Amplifiers and five (5):S8PARE Iso~-
lation Amplifiers, Each Isolation Amplifier has a gein of one (1).
{Reference Schematic Drawing No. 7-66934.) The main chassis and
panel ocontain a Selector switch, three (3) Filsment Transformers,
fifteen (15) Isolction Amplifiers, and five (5) spare Isolation
Amplifiers. Ths Selector switch is capable of conneoting a TEST
INPUT from J501 to a selected Isolation Amplifier. At the same
time it can connect the output of the selected amplifier to J501.
Bach of the thres (3) Filament Transformers supply 6.3 volts fila-
ment power to five (5) plug-in Isolation Amplifiers. Test points
are available for checking voltage from the Filament Transformers
T301, 7302, and 7303,

INDIVIDUAL ISOLATION AMPLIFIER (7-66%:24)

Pelative importence of the Isolation Mmplifier in regards to the
Autopilot Monitor end Control Unit merits a description of it aside
from the Isolation Amplifier Unit Panel. (Reference schematis Araw-
ing No, 7-66928.) Each Isolation Amplifier has & gain of 11.04%

CONHDENTIAL




STRRBNCILC LT SR TR e A ST

493

- - 3
R T ey 2 o, TR B ol IR e AR TS e A 0 5 H (50 e R R N R LSt e Lo o I e e A =

REPORT NO,
: DATE:

’ ‘ _30.

(Continued)

(4)

(5)

(e)

(7)

(8)

which can be adjusted by R103. The gain should remain within

0.1% over an inmput range of O to 10 volts rms, 390 to 410 cps,

and during a contipuous operating period of twelve (12) hours,

The phase shift of the smplifiasr is adjustable by €102 to 180
degrees and should retain a phase shift of 180 degrees #0,.50 degrees
for a oontinucus operating period of twelve (12) hours. Fach An~
plifier has an input impedance of not less then cne (1) megolm and
an effestive cutput impedsnce of less then ten (10) ohms, Hinimm
load impedance is 10,000 ohms. The Isolation Awplifier is dasigued
to provide a_low drainm of the source signal when relaying a sigmal
to the recorder and with a minisum of phase shift,

MULLING MMPLIFIER PANEL (7-66955)
There are six (6) ¥ulling Amplifiers in this panel. Each with a

gein of D, The function of the Mulling Amplifiers is to Null
the Displacement Cyro and Integrator Outputs.

253 RELAY AND CALXBBATION PAREL (7~66989)

This panel has 6 relays, 10 resistors, and 10 precision potentio-
meters., The petentiometers are used to coatrol the INPUT SIGNALS
to the Isolation Ampiifiers., The relays provide switching for the
INPUT SIGNALS to the smplifiers,

This panel contains ninsteen (19) relays which direct signals
throughout the Autepilet Control System, Tae Programmer consists

of a MOTOR-DRIVEN, CAM-ACTUATED SET of eight (8) awitches.  This
panol is used to program a REPEATABLE SFQUENCE of signals invo the
system, It is used when the Autopilot Test Prograsmer is DISCONNECTED
from the Autopilet (Airberne).

BELAX AMD BUCKQUT AMPLIFIZR PANEL (7-66990)

This compenent contains twenty-six {26) relays and two (2) Buckout
Amplifiers. Ths ralays provide switching of the IKPUT and OUTPUT
signals to the Aybopilet.s:. Each Buckout Amplifier recéives sig-
nal INPUTS from three (3) sources, and aupplies a Buckout Signal to
a Gyro Torquer Input Mixer. This unit iz used in conjunction with
the AUTOPIIOT TEST PROGRAMMER which 1s located in the biockhouse,
(Ses Section 2,0)

PORER SUPPLY PANEL (7-66935)

The Pover Supply is regulated and supplies PLATE VOLTAGE to the
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{Continued)

various vacuum hubes within the Autopilot Moniter and Contrel
Unit. The Power Supply also contains a three (3) phase Cireuit
Breaker which controle power to the Power Supply itself as well
as to the othsr elsctrical components within the Unit, such as
the blower, filament trensformers, stc.

(9) RIRLES MOTOR

The Blowsr Motor is a SPLIT-PHASE, slseve bsaring, 1/4 H.F.,

1725 RPM, 110 volt AC, 60 cycls motor, resilient mounted. Pulleys
will deliver 600 to 800 cfm; reversed they will deliver up to
1,000 ofm. The Motor Assembly is mounted behind & filter panel,
elemont, and removable grill. The filter element may be removed
for cleaning. 7The frequency with which this cleaning is done will
depend on the particular location of the unit (i.e., amount of
dust, sand, woisture, stc,)

QREBATION OF ZER AUTOFILOT CONTEOL SISTM
SERAL

The Autopilot Control System at the Sycamore (S-1) site will be used

to ocondust both the SIMULATED LAUNCH (AMMTC TYPE) tests and the CAPTIVE
FIRING (SYCAMORE S-1 TYPE) tests of the Misasile Autepilct. The TWO (2)
types of tests will utilixe the Autopilot Control Console end the Auto-
- pilot Test Programaer respectively, The TWO (2) tests will be described
seperately in this report.

The Gimbaling Tests exercise the Booster Engines in PITCH, YAW,
and ROLL channels, (ene at & time) from one extreme, through
esnter, to the other extreme and back to center.

{a) PRIOR to the Gimbaling Tests the PROGRAMMMER ZERO IMDICATOR
{Puragraph (2), Ssction 1.1.2.4) on the Autopilot Control.
Consols Panel MUST bs lighted. (This is a GREEN Press-
to-Test 1ight leokted above the Dacade Event Timer Switch.)

This test consists of measuring the time from RELEASE of the
ACCFLEROMETER NULL to BOOSTER CUTOFF. "(The Decade Event Timer

% will recerd the slepced tizs - Ses Section 1.1.2.3).

CONERENTIAL
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(Continued)

(a) Booster Cuteff Indicater - See Parsgyeph (3), Seciicn
1a1.2.4, This is an AMBER Press~to-Test light which
comes “ON'" . ‘during - the Fight Programmer Tests
&nd the. Integratisg ddcelerometsr Testa the woment
Booster Cutoff ocours.

0
T Ry

(V)  ENGINE EKERCISIR CRASSIS (Ref. Paragraph (6) Section 4.3)

This chassis is located in the Autopilot Monitor end Gontrol

Unit in the Transfer Room, It must be checked prior to Simu-

lated launch Tests to detsrmine that the Autopilot Control

Conscle is comnested into the system via the plugs at the rsar
o of this chassis.

NOTE: Bscause the Autopilot Monitor and Control Umit is
located in the Transfer Room, the plug connections ...t
must be checked PRI(R to fueling the Missile as the
transfer room CANNOT be entered during or after

Mmo .
(2) KOHER

(a) The Blockhouse power must be available to the Autopilot
Control System via the PAD FACILITY CONSOLE, This con-
sists of’:

. *8 wvolts DC

115 volts AC, 400 cycle
115 volts AC, 60 cyocle

(b) The Secondary Distribution Power (28 volts DC) is also
applied via the PAD FACILITY CONSOIE,

(3)

)]
QRERATION QBSERVE )

(a) Close Panel Power Switch AMBER Press-to-Test ant
above suitch comes ®ON%,

(b} Close Miseile DC Switch AMMBEL. Press~tn-~Test light
above switch comes "0#*,

The three (3) AMEZK Gyro
Egafse Heater lighte ccue
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5.1.1.1 (Continued)

CAUTION: The Gyro Coarse Heaters (Displacemeat Gyros)
are now anergized. The operator must now allow
approximately FIFTEEN (15) MINUTES FOR the heaters
to bring the Displacement Gyros up to temperature.
As the Gyros reach the required temperature, the
MBER Gyro Coarse Heater lights will go “OFF".and
the GREEN "Heaters cycled® light will come on.

{c) Close Missile AC Switch AMBER Press~to-Test light

above switch comes ™ON",

The Three(3) AMBER Gyro
' Coarse Heaterli(hi:s come
loul

NOTE: The Gyro Fine Heaters (Displacement Gyros) are now
enargized. The operator must now allow approximately
FIFTREX {15) MINUTES for the heaters to reach "OPERA-
TIONAL FIKE TPMPERATURE" and the Displacement Gyro
Spin Motors to come up to speed., When this has teken
placc, the AMBER Gyro Fine Hutor hghts will go *OFF",

R e ‘w« (—‘- O rane ., . . t
st g ORI ; A W2 s MR,

5.2 BOQSTER ENGINE AND GYRO EXERCISE (MANUAL)
(1) ERECKXERCISE CHECKOUT

(a) Mater Selector Switch *AMPLIFIER®

{b) Integratcr Mull Switch ANULILY

(e¢) Gyro Mull 8Switeh "NULL®

() Exeroise Selector ®CYRO EXERCISE~RELEASE IN=-
TEGRATOR NULL™

{e) Gyrc Disable Switch wOFF®

(£) Channel Selector Switch #nPITCH CHANNEL" {Por‘this

particular example,)

MPTE: The procedure for exercising the Yaw and Roll
¢hannels iz identical,

(2) PRRCEDURE OF QPERATION = (Pitch Chappell
QFERATE QRUERVE
() Press Exercise Start Switch, AMBER Press-to-Test light
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5.2 (Con*inued)

above switch comes ™ON®,

AMBER "Pitch" Channel light
comes "ON® indicating that

this channel is being exer-
cised.

BIB 7 » . sx IThé Exercise Sequences is now underwsy.
The AMBER Preso-to-Test light above the Exercise Start
Suitoh and the AMBER *Pitch* Channel light will remain

"ON* during the exercise cycls (approximately 13 seconds)
and then will go FOFF®,

The OUTPUT VOLTAGE from the
Pitch Gyro Amplifier is ine
dicated on the Gyro Voltmeter,

. Observe the Booster Eagine Travel
on the XNBINE POSITION IMDICA-
TORS located on the ENGINE POSITION
PANEL of the Auxiliary Autopilot
CO:i&OJ,O‘

Three (3) seconds is required

for the Booster Engines to travel
from center (zero) to ons extreme
and then six (6) seconds through
center to the other extrame,

They then return to serc in three
(3) seconds, (Total >f 13 seconds.)

(3) GXBO EXEHCISE - (Indevondent rZ yooeter Encines)

The Gyros may be exercired .ITHOUT exercising the Booster Engines
by:

(a) Placing the Exercise Selector Switch on = "GYRD EXERCISE~
MAINTAIN INTF1/3RA'IOR NULL",

(b) Placing the Meter Solector Switch on - "DISPLACEMENT™.

JOTEs The, ‘exarcice progrsm is the same as above except
thdn is X0 [1GNAL to the Servo Amplifiers and the
Bdo:tcr Engines remain at ZERO POSITION.

{4) IMTEGRATOR m INGTER RYEROTAE. /Chabia W2t Y

“GAUTTGE: PIACE GYRO DISABLE SWITCH ON "DISABLEM.

CONERENNAL

!




rRope

<

T SRR o PR T PRI o e e R A o eyt P s ¥ e o
~

aw

5.2

521

TR S LY T PR SRR Y e ot oo <3 Mg P | 4 A AT

<

REFORT NO.
DATE:

«35=
(Continuad)

{This is to precluds the possibility of the
builit-in interlock failing, thus permitting
sxcess structural wibration from oscillation
of the gyros.)

(1) PRE-EXERCISE CHECEOUT

(a) Channel Selector Switch On "SELECTED CHANNEL*,

(PITCH, YaW, ROLL).

(b) Exercise Selector Switch “INTEGRATOR EXERCISE-
MAINTAIN GYRO NULL".

(¢) Statie Piring Switch nON®

(@) Integrator ¥ull Switch “NULL"

(e) Gyro Null Switch "NULL®
#(£) Gyro Dissble Switch "DISABIL®

(2) EHBOCEDURE OF OPEPATION

NOTE: %The exarcise cycle is tle game as when there is
® static firing.

To AUTOMATICALLY EXERCISE more than one (1) channel, the following pro-
cedure of opsraticn is useds

¥IE: The Pitoch and Yaw Channels will be described as an example -
all other combinations are operated identically.

(1) PRE-RXERGISK CHECROUD
(s) Chennel Sslector Switch ®PITCH-YAW"
{On the "Automatic® side.)

(b) A1l other switches SAME AS DESCRIEED FOR "MANUAL®

EXERCISE.

(2) PROGIDURE OF OPERATION

XIE: The Procedure of Operation is the same as that for
"MANUAL EXERCISE" -~ EXCEPT, IMMFDIATELY on completion
ns'of the *PITCH* Channel Exercise Cycle, the "YAW®
Channel camtences to exercise.
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5e3.7 AUTORIIQT BOLL RROGRAM SET-UP (Refer to Figure 7, Seotion 1,1.2.4)

The Roll Program is set for the AMOUNT and DIRECTION OF ROLL required
of the Missile "after launch"., PRIOR to operating the FLIGHT PROGRAM-
MER, the Roll Programmer is set as follows:

(1) ERE-QPEBATION COMPUTATION

PRICR to setting the Roll Progremmer it is necessary to compute

the voltage required to effect the desired DIRECTIOK and AMOUNT
of roll, This consists of establishing a RATIO of ROLL VOLTAGE

1{.0 })IE?ERENCE VOLTAGE, (Phase A on the Missile Bus), TIMES TEN
10).

i.o.’ v G = ]

PHASE WA® REFERENCE VOLTAGE * '0 = RATIO

ERMPLES 1If, during a Roll Program Set-up, the Phose "A®
Reference Voliags is 115 volts and the desired
Rell Prograw requires 1 volt to effect the re~
cquired amount of roll, thens

Soelt
715 voits © 10 = <0869

JRIE: The quotient of this ratio is read by the operator on
the ROLL PROGRAM VOLTMETER as followss

QRIRATE QESIRVE

(&) Press the MOMENTARY “ON- The four (4) readout "windows"
OFF-ON" Roll Programz Set in the ROLL PROGRAM VOLTMETER
Switch to either the ®R" will indicate a3 follows: {Set-

or "L" position (RIGHT or up for RIGHT hedding = viewing the
IEFT) depending on the de~ Missile from the rear),
sired dirsction of keading.

R 087

CAUTIONs ROLL BATIO: MUST HOT EXCEED .450,

BOIES PRIOR to above operation chesk that all switches on the
Avtopilot Control Console pertaining to ENOINE EXERC1SE
are "OFF* and throw the “READ-STANDBY® switch to the
"READ" positicn.

(b) Once the desired roll program is set, return the "READ-
STANDRY® suitch to the WSTANDBYM pocition, (8¢ thet un-

e aseres v Mo avavase

necessery wear will not be imposed on the Roll Program
Voltmeter circuit),
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(Continued)

{e¢) Place the Decacde Timer Selector Switch on the -"FLIGHT
PROGRAMMER™ position, The ROLL PROGRAM is now "SET”
and will be operated by pressing the Program Start
Switch.

TR AL e b
The Autopilot Ready Signal is an indication’to the operator at the
TIST CONDUCTORS COMSOLE that the FLIGHT PROGRAMMER is on ZERO and the '
Avtopilot Contrel System is ready for "launch®,

(1)  EBE-QFERATION CHRCKQIT

(a) Integrator Nulling Switch "NULL®

(b) Gyro Disable Switch# *DISABLE"

(e) Gyro Mulling Switch "NULL®

(d) Exsrcise Selector Svitch "OFF*
Static ;iﬁing Switch RON®

(e) Engine Zsro Switch nONW

(Located on the Autopilot
Auxiliasry Control Console
~ Engine Position Panel,)

(f) Check affected indicator
lights for above positioms.

Either "ON* or "OFF"
accordingly.

(2) C ATION

When ¢he PRE~OPERATICY CHECKOUT 1s completeds
(a) Autopilot Ready Switch * AUTOPIIOT READY®

The GREEN light above the awit<h comes "ON" and a GREEN
light on the "PRE-START" panel of the TEST CONDUCTORS
CONSOLE comes “ON™,

v NG S=

Testa of the Autopilot during Captive Piring at the SYCAMORE S-1 site
will be coanducted from the AUTOPILOT TEST PROGRAMMER CONSOLE (ATP)
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(a) Belar snd puckeut. ikciifier Chucsls

PRIOR to operatio , *h:e ATP must be connected through
. this ohessis whic , i1 located in the Autopilot Konitor
and Contrel Unit .. ne Transfer Room, If the Simulatod
Launch (AFMIC TYf /i ¢ ¢sts are sonducted prior to the
Captive Firing (";cq e S-1) tests, it will be necassary
to change ths pl: . ¢« wections from the rear of the M~
gine Exercise Ch wt,-" to the Relay and Buckou: Ampl!fier
Chassis. This w .5 .e so ompl?oned prior to fuelim =2 -
the Missile, as t . ¥rap, . r "ocom CANNOT BE ENTERED during \
or after fusling of the Missilc, ‘

(b) The power reguirements for these tesis are the same ar
those for the Simulated Launch (ARMTC TYPE) testa. (Refer
to Paragraph (2), Section 5.1.1.1)

(2)  Autepilot Tast Mouiter Panel
; : {a) Pitch, Yaw, and Roll Channel Switches  “OFF"
o (b) Read-Standby Switch “STANDRY"

(c) Voltmeter Imput Selactor Switch "gree

(d) Prograsmer Contimuity Step Counter "0G000* (Use reset

wheel,)
(3) Mutopilot Tesk Prorrmuec Panel (Figure 12)

(a) Engine Position Output Mode Switch “AUTO®

{b) Rasder-Punch Control - Motor Switch eyl

(¢c) Reader~Punch Control - Mode Selector "OFE*

(d) Reader Remote-local Switch WLOCAL®

(¢) Rsader ON-OFF Switch BOFFD

(£} Output Switch (guaraod) YCUTGFF? -

(Guard ¢losed)
{£) e 251

(a) A1l Control Xnobs

Extreme Counter~Clockwisas
position., (Hinimw voltage)

. CONEADENTIAL
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5, % {Continued)
J (5) RQWER CONTEGL - PRE-CEERATION -~ -
* LEIRATE QBSERVE *
§
i (a) Prozs the Press-leat Ine h]g“‘ {Thie Switch isolates all
j dicator 1ights (Power OFF) the indicator lights on the
; Switeh, panel and provides them with
{ 28 véo for 2 check of Jamp
continmuity. MOTE: Ths Power
Coatrol POFF® suwiteh must be
"OXT® to .-ye thig test, |
(b) Powsr Sontrol On Switch Following lights aume "ONY;
28V rC

115 ¥, 490 CPS
115V, 60 CPs

These thres (3) types of power, required for Autopilot Test
Prograumer operation, have now been epplied to the system,
The pover will remain applied until a Mhold circuit® g
broken by the OFF Switch located to the right of the ON
Switch,

RIEL Allow suitable warn=up period. (Mainly for the Autoe
pilot Supply Voltege Meter. )

{c) OBSERVE - GREEN Phase Rotation light should
be *ON® indicating that Missile AC
power is applied. (This 1ight )
losated at bottcm=center of ATP
Test Monitor Panej, )

Y

(&) Autopilos Supply Voltage *READ"
"READ=STANDBY"® Switch

(e) YVoltmeter Input Seleector Read voltage of each Input Selector
Switch & Rotate through Switch position op the AUTOPIIOT
ﬂgc*', "AC", "gan, wgpe SUPPLY VOLTAGE METER,
ngee,

(£) Retura *READ-STANDEY™ NONE
Switch to "STANDBYM, ’

(g) &t all Power Supply peten~ Minimm Yoltage
tiometer knobs to extrame

COUNTER~CLOCKWISE position,

CONEBENTHAL-
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(h) Power Sviteh {oh power SPOWER®
supply)

{8} 1z0 woar ooxson ".150 YOLTS*
(1) 300<450 Volt Switch " %3004 50 VOLTSH

(k)

(1)

m)

) 953 Allow suitabla warz-up for the Power Supply.

4djust 0-70 V AC, 10 A Xnob "6,3 VOLIS* (Small Center

Mﬂt.ro)

Yoltmaeter Selestor Knob

to =150 volts ands ®300 VOLTS" (Power Supply
Voltugter.)

0300 volt Potenticmeter

Knob tc required adjust-

ment .

Set 450 Volt Cutput *450 VOLTIS® (Power Supply
VYoltmeter.)

{6) EROCEDURE QF QPEBATION

(o)

Tape losding

load and Route sn eight (8) inch roll of blank peper tape
into the tape dispenser sssembly as shown in Figiwre 11,

io‘c, Um" the G“id‘,
Cver the tension arm,
Under the runout srm, plastic chip guide, punch
holddown arm, (which ewings out to permit the

tape to be properly aligned on the sprocket drivs

wheel), and around the punch take-up wheol.
MOIEt When loading & PRE~PURCHED TAFE which is

. to be read, it must be wound onto the READER
FEED REEL., It is IMPORTANT to MARK CLEARLY
the BEGINNING and END of the tape so &s to
wind it correctly on the Reader Feed Rael,

Ths tape i# then fed over the top of the

READZR, and under the Reader Holddown fArm
(vhich is raised to permit tape sligmnani).

(b) ZTope Pupshiug

CONEIPENFIAL
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5.5 (Continued)
. QRERATE QBSERYE
Resder-Punch Control BONP

Motor Switch

{(c) Reader-Punch Control Hode "MANUAL~PUNCH TAPE"
Switch

(d) Make desired program selece
tions with apy combination
. of selector switches de-
seribed in Sections 2,3.3.2
. and 20303.2. khien the Jlast ‘
i selection is made, the test
: way begin,

NOTE: ALWAYS make selections from LEFT to RIGHT.
. () Ispe Basding

With/punched tape on READER FEED REEL (load punched tape on
READER FEED REEL and under READER HOLDDOWNM:AEM as shown in
Pigure 10), make certain that blank tape is ALSO threaded
ip Punch as the system is arranged to punch & DUPLICATE of
the tape being read.

/ [Reader-punch Control Hotor  *ON"
/ '
/| Reader-Punch Control Mode ®AUTO~READ TAPE®

// ; 8glector
/ ' Reader-Puneh Control ®IOCAL* (If “ON-OFF® switch is
’ Reader-Remot e~Local Switch to control start of
o test program, or "RE-
y ) MOTE® 4if Booster Ygni-

tion Start Signal is to
control start of test
program, )

; CAUTIQN: If the tape breaks, binds, #T runs out, when the
: RPMOTE-IOCAL switch is in "REMOTE™ position, the
programmer outputs will be autometically cut off

and tha resdar oluteh A4l dsengaged, The progrem ia

effoct at the time will hold; therefore, the pre-
gramuer should be CLEARED by setting the Mode Switch
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to a "MANUAL" positionm and operating the CIEAR
switches involved,

HOTEs MASS CLEARING of the progrem in effect mey be ac-
couplished at any time by turning power "OFF*, If
the tspe breaks, binds, or twns—out with the Remote
local 8witeh on ®LOCAL", the reader clutch will
disengage.

() i2UTATIONS

(n)

(b)

(c)

(d)

(o)

¥itinle Geleotions

Outside cof channel selections, multiple selections are
meaningless. ATP will send out the vector sum of multi-
ple signsls chosen,

Clesring
It is Important to clear a fumction., Otherwise, the unit

will hold the progrem INDEFINITELY or until power is
turneé "OFF*,

Exoersa Tine Limit .

The outputs of the SIGNAL GENERATOR ooncerned with SWEEP
frequency and RAMP functions are proéuéed by Precision
Potentiomoters, therefore, the functions end when the
limit of poterntiomster travel is reached. These signals
will not repset indefinitely.

Banp

The total Ramp staris at ZERO, progresses to maximum, re-
verses to sn equal, opposite polarity (phace) maximwmm, and
returps to ZER0., The time given on the Autopilot Test Pro-
grammer Control Panel is that to reach the first pesk or
maximm, The total ramp will return to ZEHO in four (4)
times this duration and will remain thereuntil cleared.

REROD

The Autopllot Test Programmer Contrul Panel indicates the
total time to SWEEP from 0.3 ops to 20 cps by specifying

toe total number of cycles produced in this period. When
the HIGH KND of the SWEEP (22 ops) As reached, the Frequency
Generator will continue to put out 22¢ps until the function

is cleared. .
HELASSIFED




